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INTRODUCTION

The output of this worktr_ group Is represented by this sua_ary report. It
follows a format similar to that previously employed in Depart_aent of Energy

(DOE) programs and shall address the follo_rLr_ items (Figure I):

1. Task goals

2. Rationale

3. Strategy

4. Key pac_.ng issues ...-
/

The goals associated with the central t_sk need to_ be £dentified to provide
t:be necessary focus fur the program. The rat__o_tale for the program and the
scraceEy for accomplishtr_ the work nee_ to be defined. Durl_ the course of
the effort several key _.ssues_-_i'_ll have to he addressed to lngure development

soccQss.
T_ cable (Table 1) a_ the end of this su_nary identifies the 17 persons

who made up this psnel and developed these recommendations.

CONCLOSIO[_S AND RECOMN£NDATIONS

The pauel addressed the Issue_ assocla_ed with such areas as rotor design

4md dy_m_cs, rotor materials and fabrication, s.afecy, noudestru¢cive cesti-g,
and system operaClonal loads .aad envCronmeut. Recommeudat'|ons arlsi_ from the

mrki_ group del£beraclons are presehted In the followinE material.

1. 3_sk Goals -'.

The prtmary obj_ectLve of this development effort should be (Figure 2) ¢o
dem0mstTate the feasi'btlity of a fall-safe fl_,aheel system comprise_ of --_rs

baying a osef_l enerE_ ca_ecity of 5 k.tlo_a¢C-bours per untO. This system
¢oncep_ $boald be exp_dable ¢o _eec po_r req_re_ents of 50-200 k/lo_rarts. A

system eae_/[y densiCy of 20 _ct-ho_rs/ktlogr"" or more should be achieved, w£1:h
an opera¢iooal llfe requ_re_em: of 5-10 years, a key pacl.8 Issue (Figure 3)

_¢ ¢o ¢h/s proEra_ Eoal is the ques¢iou of _dhecher ¢be flywheel sy_ne_

pt_w_ie 4_1:¢t¢_1e tuneful and energy storage s/mnll:aneously, or whether £¢
_d accc_N>_¢e _ecEy storage .c-u_:C£o_ only. It is recoaiended ¢ha¢ a

SyS¢_ st_y be ecmdoeted ¢o determine l:he Smpae_ of th_s role comb£naticm and

¢o x_molve, t_cLs Issue.
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2. l_tlonale

Recent scucLtes (Mgure 4) conducted by Boe.tug, NASA, and or.hers bare shmm
the concept: of flywheel energy storage t:o be l_l_bly compet£r_ve _#-r_hother more
conventional system approaches such as batce_es. Three of the major advant;ases

of fl_heel systems are louse_r operaL-_onal life, b_l_he_ electrical e-fftdeucy,
and l_Lgher system energy density. The use of compos£Ce material fl_bee.ls _s
important for reallz£ng these advantages.

3. SCraceRy

A stgni£tcanc amount of technology is available as a result of programs

sponsored by the Department of Energy (DOE), r.he DepartsmnC o_ TransporCar_tou
(DOT), and the U.S. Az_y (Figure 5). Every attempt should be made _:o cap£Cal£ze

on the results of these e_C'forcs, espe_y _n the a_eas of composite m_er_s
uC_llzar._ou and fl]_b_el des:LKn. Improvements co Chat d_ta base should be made

ro optimize the system design and performance capab_l£t-y. In chaC ve£n,
therefore, a list of published _epo_cs ou _hese I;optcs should be _enera_:ed by
personnel at the La_ence Llvermore National Laboral:ory anti a_ _he Oak ]ULdge

Nar-loua_ Laboral:ory, as weJ.T as at t;be ocher _t: :_ac_l_Ll:_es, and
dis_ribuced co the paz-ctc_pancs of chl.s cou_fexeace.

Having a knowledge of _be sc_Ce o£ the technology 4. composlr_ maCe_als,
ic _s Chert possible Co make use of tbac eugtnee__ug data base _- the de_tr_ton
of candldaCe _oCor des:tgns (F/_ru_e 6). One J._ue _h/ch mus_ be pursued _d; the

ouse_ of any £1ywhee.1 p_ogr_m is t:o develop an unde_--_t.m_ll_ of the

C_w-dependenc beha_or of composites and, therefore, assess _ lo_-ce_
pe-_ormaoce. In pa_a_lel _r_ch obese e_ocr.s, che_e _s a Deed Co _c_een and

suppo_c Cbe development of new mnt:e_c_s_s for _Cuc_ upl_ad_ug of fl_4beel
sysce=s o

In de_e_tui_8 a plaus__ble aulCt_.a_ developm_c progrm_ some cr£_tcal
issues (F_[4_e 7) sur_a(_-d. These consisted of q_est=tons _ _th aa_-Jx
and ma_er_ flber aspeces, as well as en_znee_ug design data.
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of£er some advantages in terms o_-term_ durabL_£Cy, balance stmb£1ity, and

-_,/1 performance capabilltT ac higher temperatures.

! _ 6 Eu_neerSug Desl_n Dat. I..ues

_1 Additional Information is required on these and ocher materials because the
,_,| currencly available dace base Is resr_LcCed to a CezTesCrlaZ environment, am

'i_'_ opposed Co a space envitoumenC, whe_ the operaCloual loads and condlclous are

i_ drastica.Tly dtf£erent (_e 10). Othe_c areas of concern in the use of
- _ composite materla/s are the e_fecCs of radtatl_ on the _ster/al properties In
7 ,] addit£ou, the poor transverse load-carrying capac£cy of these materials may

'_ J severely impact some rotor d_ and applloactons. SoluClons Co the

+l transverse strength question Tange £rma "live w£th it:," 11:o "expend a lot: of: and money to get a small delta / prove:sent." T f the former approach is

selected, it is deemed advisable to determine _ desigu values co compensate
for the considerable data scatter which exists in cbe literature re_ardi_

transverse strength.
To improve the underscand£ng of Cbe r.q_e-dependeuC behavior of composites,

especially in e eye_lie load environment, iC is recommended chat testing of
extsct_g DOE rotors be _a2n undertaken. Steps Co effec_ accelerated te_t_ of
these devious should _so be evaluated. Data obr_l_ed f-_me these tm;t _m

be tnsccumenr_T in the de_lnlttoa of ll_e predle_oo methodologies.

7. Ylyvheel Development Issues

The development of r_e flywheel (Flgure 11) must be initiated by e thorough

study to de_lne the requ/remencs associated with chls device. An answer co such

ques_Lons as "should cbe storage device also Incorporate the capability of
sacls£ylug the coocrol c_sk_ as _e33L as the power system f_mcclons?" and "shouZd

the en_ sto_e f_ncclo_ be _ d_l_Ib_ Itmm In r_e deslgu of the
£1y_hee_.9" must be provlded. Once :b_se and ocher quesclo_s have been
satis_acCortly addzessed, 1_ 4. _ p04mtble Co de_l_ candidate lr£ywheel
concepts. Such de_n_r-_on _musC emphasize _a_.t-sa_e _ buc m_c also
exa_e cbe need and advlsabl]3Lty of _oncai_ment. ]In addlr_Lon, an @s_msen_ o_

$_l_b414ty of rJ_e _ _ also be o0mtduc_ed. _ devel4Mpment of the _Otor

muse be _ozmed in. couce_c wlr_ r_e ocher elemen_ of elm stor_ja _em and
not as an £udependent Ite_ iu order _o insure r_e _t of _be _es_ed

perJ_ormmce. To e__ecc a c/_ely system deve/opmen_ a _vo-plmae program should
be undO. Pl_se _- should *hi.lace 2-3 ampectcive zyscem _ _btch

result /n prototype sto_q_e uni_ _or thox_ugh _aboraCory evaZuaCions.
The x_ulcs of _hese r_sr_ _ _ be used _Lu a _ se_lecClou _ _be

"opc_um" design. Phase II mould _ben produce a _ sys_e_ des_4_, _ollo_md

by _]brlcatlon m_l evaluac_Lcm _ _be system leve_, _hlch my /nc_ude +_L140_
cesr._ng should cesc rem_s so _ca_e r_e need.

8. ]h_cor _car_o_

Oue _ ,(F/4Ju_ 12) _ by pape_ _pz_en_ed/n _he .formal ses_ou was
thac _ /nvesr_q4_o_ shou_ .be eonducced _t_ch _ lead _o _t_prove_ew_s _n

filament round _e or =mlclple =/_ z_coz _z_caz_ou In +addlclou, _w

coucepcs for at_ack_g _ aocor/gener_cor sad sm_easlou _ coapoaencs co
-che ,_otor _ _I_ _ _ _'-_ _mmm_y -_o-_+_l_e --
acca/sm_nt of the _ den_'y aud _ l_t_e +postulated for

storage co_oepc.
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9. Testin(j

In terms of testlug and evaluar_ton of rotors, two categories were
Ident1£1ed (F_a 13)- These co_lsted of uoudestructlve Inspectlon and
eva-Tuat_on, and 8pin testl_. Nondestructive Inspection _ be 4_trumental in
m4_4m:Lzl_ resources e_peudiCur@s by allor_slg for tbe £denciflcat£ou of

manufaetur_Lng f_a_s in -the rotor pr£or _o the costly sp£n test pro_ram.
Furthermore, the establ£slment of appropriate nondestructive inspect£ou

techniques (Figure 1A) w/_l fac_Llicate the evaluation of the impact of handling
damage or serv'J.ce.-:l.nduced damage accums.l, at:too-ou system performance. Out of Cbe

critical items wlh_ch _t be /xlent£f£ed to make the nond_tructlve J_spect:]Lou
and evaluati0a proKram succe_a_ :Is an accept/reject c_Lte_ de££nir_on.

10. Rotor Dymm/c_

Rotor fa_ces are frequently preceded by systea dymu_Lc instabLTlr__es

re_ultt_ from rotor _. Homeric, not _ rotor _a_b£__ities lead to

£a.llures or are _aus_d by _ _m_ances. Tt _a the_efom necessary to de_Ine
methodolog_e_ for recoL_£z£ug the di_fereuee_ mad thus £mprove our maderscandlx_
of rotor and rotor system dynmmics (_ IS). In tl_ case of the advanced

storage systems where mq_neCic m_spen_oz_ _ be uc_lized, the £mpact of the
unique characte_c_st_cs of these suspensions on r_be rotor systems dys_m:[.c_ must
be thoroughly _nve_t_l_ated m_l _mderstood.

mg

11. Sp_u TasC/n S

To reduce tbe cost burden on the overal_ development pro_cam
(_ 16), an ev_Lua_lLo_ of the 8u_tabd.T_Cy of ex_sr.4_ DOE sp_ test
fac__l_c_es for conducr_tu_ the test e._orc asked _th ch_s program /_
requ_ed. Should _d_a_ of these _mc_LC_e8 be aecessmz_, then the extent o£

these modifications add their attendant co@ts should be _£ued. Iu conduc_
e c_edlble sp_n-cemt±o_ _orC for cbe_ sto_ d_v_ces, it _s recoumended that

a _ood _ep_u_nCat_on of thin cyc_c and _t_ load specCru_ be
Incorporated £u_o the test setup, a2ong w£th improved se_s_ capabLlt_r for
det_._u_ onset of rotor _a/._L_re b_ed _m chromes _n rotor _ and/or
dynamic charac_c£cs.

Safety _ (l_/_ure 17) 4msociaced .-_th Ch_ _co_q_e eoucept can be

addz"_msed duz"/._ Cb8 d_44_n _ by p_oduc,'b_ a nms--_ or f_41-qh_e de_:f_vn.
Such a de_4_n-_a.].d _::_mmodate _ safety smz:W/,s_ and/or pl_uned _L_ure

mechauls_-such as the Rocketd_e mecha_ca_ fuse. De_t_ou of the approach
to be employ_ _n _ldre_ safety-mm_ge_ent _ space appl._cat_ous must be
ge_ted.

OCher _sues which _ have a 8_4_t.T_'£cm_ :Lmpac_ m_ the evol_ of th_s
concept .(Figure 18) are-r_e. _ to _h/ch. _ devices _ be

msbJecced. Amm_ these axe _be _l_umch _ _n£ch axe be_Ls_ quoted 4,, the

v_e£_lry of 10og ,aad the r_mml _ade posed by opezat_g tem_mt_r_ _n the
rm_e of _oC. It £s recomended that _ome co_ldencion be gven to u_L_izin_

metallic _oto_s _n the _nr_-£m _ _cit el_ the £ssues ne_sed £u the _orkiu_
group del_beraC£oas _m-be r_so_v_h
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TABLE 1

ROTATM ASSEHBLY 100RK11_ GROUP

PANEL NEL_ERSILT_

._o

i

4

.o

NA_E

J. A. l_Lrk

R. R. l_ce

F. C. Younger

J. P. Joyce

B. _est

P. Burke

J. Bloo_.r

B. P- Oupl_

Ao J. lhum.tb_

1_. W. Anderson

A A. Rob tm_ou

S. O'D_

W. o. 9_Jdmmn

A_p._

L I. ¢_sbe_

S. V. lukkaz_L

C. Baldeman {

ORGANIZATION

Uu:tvers£Ly of Maryland

NASA-JSC

Brobeck Corporation

NASA-LeRC

Sperry-Space Syste=s

Bendix-Guidance Systems

Boe_ Aerospace Corp.

Lord Corporation

Lord Corporation

NASA-La_

ESA-E_'_EC, Netherlands

C. S. Draper Laboratory

Johns Hopk£ns U-, A.P.L.

O. E.-Space Syste_ .

R_ Intl., ]b)cketdyne

Liucoln Laboratoz_es

.g._b,
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PRESENTATION OUTLINE

- TAS_ GOALS

- STRATEGY

- KEY PACING ISSUES

- IDENTIFICATION OF TECHNOLOGY TASKS

F_,ure 1

TASK cOaLs

DEMONSTRATE _ FEA,ST'R_ OF A FAIL-SAFE FLYRHEEL SYSTEM HAVING

A USEFUL mqERGY CAPACITY OF ABOUT 5 kg-bx, A SYSTEM _ DENSITY

OF APP_XINA.TELY 20 9--br/k_, A_ A LIFETI_ "OF 5-10 YEARS.

12
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TASK GOALS- KEY PACING ISSUE

SHOULD 'mE SPACE FL_ SYSTElq PROVIDE AC/ES OR ES ALONE?

- INVESTIGA_ THE I_PACT OF A CO_II_D AC/ES

FUNCTIO_ ON THE DF-.SICN OF AN ES FLYI_HEEL

SYS'I_q

- (TRaDE-OFF OF A DUAL PURPOSE AC/ES FL_

SYSTEM VS. SINCLE PURPOSE ES OR AC _ZSTEM)

1
t

F_gure 3
.±
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RATIONALE

EHCENT ASSESSMENTS (E-G-, BOEING, NASA,.. :'o) SHOW

THAT FLYWBEEL ENERGY STORAGE SYSTEMS IN SPACE OFFER

ADVANTAGES OVER COMPETITIVE SYSTEMS SUCH AS BATTEEIES,

FUEL (ZLLS, o oo.

-_L_

-_CHEItELECTRI_EFFI_

-_GHE_SYEMENEBGYDENS_

- COMPOSI_ MATERIAL _YRHEELS ARE

IMPOETANT _ REALIZ_ THESE

ADVAN2Am_

FIEure 4
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STIU_

- UTILIZE EXISTTNG NATERIALS/FLYWHEEL DESIGN

TECHNOLOGY DEVELOPED TO DATE

(DOE, uPcrA, U.S. ARMY, ETC.)

. P_ZE DfPRO_/MODIFICZT%ONS AS I_CESSARY

- MAKE A LIST OF ALL DOE REPOB.TS AND S_qD TO

PARTICIPANTS

F_mze 5

°._

OBJECTIVES FOR _ TASK

- TO USE ESTABLISHED ENGINEERING DATA BASE ON NATEP,.TALS

APPLICABLE TO THE CANDIDATE _fOR DESICNS

- TO ENRAN_ OUR UNDEP.STANDll_ OF 'lib TZ_-DEFENDENT

BEHAVIOE OF COMPOSITES AM ASSESS THEIR LONG-TE_

PEEFOF_ANCE

- TO SCREEN M SU'_PORI' M DEVELO_ OF M _ POE

FUTURE UPGRADM OF FLMMS

15



CR.ITICALISSUES IN 141]LTIYEAR PLAN

/

- MATRIX

- FIBER

- ENGINEERING DESIGN DATA

/°

F_gume 7

ISSUES _T_TH

-_ ZaOR _ Z987 I'_CBI_LOGZC4J_

I
i ......

/

i_JLD_NSTR&TION,

CONSlDE_ EEISTING FIBERS (T-300, tin-ION-6000,

GP.APHITE,. K._9, S2-CLASS) I_CCH ARE 1JELL

- SI_TLTA_OUSLY -DEVELOP P_ELIZ_ _ BASE FOR

wrC_i]_ _ FIBERS (£S6, ]_6, T-700,T--800 GE,

D_aOV_ _ ETC.)

16
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I.SSOES WITS:MATRICES

- ESTABLISH OPERATIONAL TEMPERATURE RANGE POP. M (_RENTLY

USED EPOXIES TO OBTAIN DES'TEED PERPORMANCE LEVELS

- FLEXIBLE RESI:I_TS SH_/) BE INVESTIGA.T_) BECAUSE OF TIlE

,&DV_ ASSIXIISD VI_tt MIE USE Ill FILAHEHT VOUND

P,.ING S

. ASCERTAIN MIR SA_ OPERA__G TEMPERATURES

- I.RP'ESTI_ APPLI.CA3ILIT£" OF METALMA.TRIXCOMPOSITES

(aoeo_/,az,,....)
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ENGINEERING DATA DESIGN ISSUES

- DESIGN DATA FOE THE EXISTING (DMPOSITE MATERIALS HAVE

BEEN GENERATED. _O_EVER, ADDITIONAL DATA ARE REQUIRED

FOR M LOADING AND MIRONMENT IN SPACE APPLICATIONS

• LOAD/THERMAL C_CLING

• EFFECT OF RADIATION

- WHAT ABOUT POOR TRANSVERSE PROPERTIES OF COMPOSITES?

. LIVE WIT_ THEM?.

. DE'I_RMINE DESIGN VALUES TO

INCLUEE DATA SCATEEE?

- UTILIZE EXISTING DOE EOTOES TO EVALUA2E C_CLIC LIFETIMES

. DAT_ WILL BE USEFUL I=OR SPACE

FLYWHEEL DESIGN

- DEVELOP LIFE PREDICTION METHODOLOGY BY ANALYZII_ _S

Al) SPIN TEST DATA

FIEure 10
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ISSUES FOR FLYWHEEL DEVELOPMENT

- DEFINE DESIGN RF_UIREMENTS (AC/ES, ES ONLY ..... )

• ES ?UNCTION SHOULD DOMINATE?

- DEFINE CANDIDATE FLYWHEEL CONCEPTS

• EMPHASIZE FAIL-SAPE DESIGN

• ASSESS FEASIBILITY OF SCALE-UP

- CO_OSITE ROTOR DEVELOPMENT SHOULD BE PART OF AN

OVERALL SYSTEMS PROGRAM ARD _ AN INDEPENDENT

ACTIVITY

- INITIATE 2-3 COMPETITIVE SYSTEm; PROGRAMS (PHASE I)

- NO. OF PROTOTYPES IN PHASE I TO BE DETERMINED BY TEST

PROGRAM/RESOUECES (PROOF-OF-CONCEPT, CYCLIC TESTS IN

SIM_LAIED COND_TIONS ..... )

-- IN PHASE II SELECT O_E OR TRO OF _SE DESICMS FOE THE

COMPLED_ PROTOTYPE. SY_ _KICH COULD.BE FL_ TESTED

FtEure 11
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ROTOR FABRICATION ISSUES

- INWESTIGA_E M_O_ IN F_AMM _O_D

(SINGLEII_LTIPLE) _ FA_aICaTION

- IN_ESTIGA_ CONCEPTS FOR ATTACHII_ M/C AND

COHPONENTS TO FLYWHEEL

F:l.gure 12

AND EV_ON OF ROTORS

KET &CI'IP"LT.IES

- B0SDES_CTI_E INSPECTI0_ _ID EVALnS_rOW (_I AND _)

- SF_ YESTING

2O
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NONDESTE_CTIVE INSPECTION AND EVALUATION TSSUES

- MANUFACTURING DEFECTS, IL4RDLTNG DAMAGE, AND SEEVICE-

INDOCED DAMAGE _ON NEED TO BE DETECTED

- APPI_PEI.A._ lCDI _BTIQUES _ m_ IDENTI_[ZD

- ,_ZeTI_:_ cg.rrn._ mouu_ m DE_t.OF_D

. _E_HODOLOGY _ _ DEVELOPED FOE Plb_OF

TZSTTNG OF ._

_e 14

21



ROTOR JL_ IDTOR. b_ST'g_ II)1_D_CS ISSU'_

t

:!

- MANY lgYfOit FAILURES AgE PRECEDED BY SYS'g_ DYNA_C

IN_YL_ DOE TO _N_

- OOR UNDERSTAMDI:M_tie O0t_=OSITE _ AI_ _qS

DYlgAJ_CS IS-I_1ADZQOA.TE

"l

!
4

"1

i

i
!

- OI_QOE _,A]__CS OW SOS_ION _

BE COHSZDEI_D

- ROT_ DYNA.qXCS STUDIES TO DA._ HAVE J_q COI_PILED

A10 _ INA _NAIm_
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SPIN-TESTING ACTIVITY ISSUES

- UTILIZE _ISTIl_ DOE FACILITIES (£PL, Y-12,...) AS FAR

AS POSSIBLE

- DEFI_E NEEDS FOR UPGRADII_ THOSE FACILITIES (FOR HIGHER

ENERGY CAPACITY ROTORS AND PER.TIN_ SUSPENSI(_ SYSTEMS)

- THE FAIINRE MODE OF ROTORS MUST BE CORRECTLY IDENTIFIED

- EFFECTS OF DIFFERENT SUSPmqSION _ AND SHINT IN

BAI.aN_ DURING TESTII_ _ TO BE IRVESTICATED

- DYNAMIC IlqSTABILITIES _ BE DETECTED BEFORE THEY

PRECIPITATE FAIINF, E

- SPIR TESTII_ SHOUlD BE PEBPO_ IN A SIMBIm.T_ REAL

LIFE LOaD SP_ AN) E__ DURING PHA_ I

° _NAT ARE _E FIXED OPEEATII_ COST_-

23



ISSUES

.. - .p

Ib

!

- DESIGN ROTOR I_E NON-BITIIST14)DE

• INITIAL FAILITRE SIIOI_I,DliE OF A BENIGN NATURE AND

DETECTABLE

- _ DO liE ADDRESS SAFETY MANAGEMENT IN SP&(Z APPLICATIONS?

FIEuze 17

OILIER I_

- L_mC_ LOADS (_e,z_mm_emu.Yzoog)

- _uz EerJU_me_ (_u_]_cmxa._z.y 85oc)

. fiX) _

- usz _ET._.LIC _S z_m_ _ (PleASEI.)

- _ ¢X_T IS A NOII-ISSIIE

P

I
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